Background: Growing evidence suggests that miR-150 plays an inhibitory role in various types of cancer. However, the function and underlying mechanisms of miR-150 in triple-negative breast cancer (TNBC) remain unknown. Patients and methods: miR-150 expression was detected by qRT-PCR and ISH in TNBC tumor and adjacent normal breast tissues. miR-150 function was analyzed by wound healing and transwell assay in vitro and mouse lung metastasis model in vivo. mRNA microarray, qRT-PCR, western blotting and luciferase assay were used to identify the target gene of miR-150. HMGA2 over-expression plasmid was co-transfected with miR-150 to study the role of miR-150 through regulating HMGA2. Results: We found that miR-150 was down-regulated in TNBC tumor tissues compared to corresponding adjacent, normal breast tissues, and was correlated with decreased lymph-node metastasis. Ectopic expression of miR-150 suppressed TNBC cell migration in vitro and metastasis in vivo. Mechanistic study revealed that miR-150 down-regulates HMGA2 by directly targeting its mRNA. Moreover, the suppression of cell migration caused by miR-150 is relieved by over-expression of HMGA2, suggesting that miR-150 inhibits migration of TNBC cells by down-regulating HMGA2. Conclusion: This work indicates that the miR-150/HMGA2 axis may serve as a treatment marker in TNBC.
Introduction
Breast cancer is the most common malignancy among women worldwide, with an annual rate of increase of 3.1%, and the second leading cause of cancer-related mortality in women. 1, 2 It is a highly heterogeneous disease and is made up of different subtypes. Based on different gene expression patterns, breast cancer can be classified into five subtypes: luminal A, luminal B, basal-like, ERBB2+, and normal breast-like. 3 It can also be classified based on the presence or absence of receptors, such as estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor-2 (HER2). Triple-negative breast cancer (TNBC), without the expression of ER, PR, and HER2, is a special subtype and lacks the targets for anti-hormone and anti-HER2 therapies. Although TNBC accounts for only 10%-20% of all newly diagnosed breast cancers, it has been the focus of research owing to its aggressive clinical features.
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Tang et al miRNAs are a class of endogenous small non-coding RNAs that regulate gene expression by targeting the 3′ non-coding area of mRNA. Increasing evidence shows that miRNAs regulate many cellular processes through down-regulating the expression of target genes. 8 Nowadays, miRNAs have become attractive candidate biomarkers for cancer diagnosis and prognosis, and novel targets for cancer treatment because of their high stability and specific expression pattern during tumorigenesis and progression. 9 As a hematopoiesis-related miRNA, miR-150 has been frequently studied in normal hematopoiesis and various types of hematopoietic malignancies. 10 Through genome-wide miRNA expression profiling, miR-150 was identified as one of the most down-regulated miRNAs and a pivotal tumor suppressor gene of acute myeloid leukemia (AML).
11 miR-150 was also reported to play an inhibitory role in the vast majority of solid tumors, including ovarian cancer, liver cancer, pancreatic cancer, colorectal cancer, and head and neck squamous cell carcinoma, [12] [13] [14] [15] [16] although its role in lung cancer was not consistent among different studies. [17] [18] [19] miR-150 has also been reported to be over-expressed in breast cancer tissues. High expression of miR-150 promotes breast cancer growth and reduces apoptosis through targeting the P2X7 receptor, indicating that it was an onco-miRNA in breast cancer. 20 However, miRNA expression profiling of 165 TNBC samples and 59 normal controls demonstrated that miR-150 was down-regulated in TNBC samples. 21 Moreover, miRNA global expression profiling from a wellannotated cohort with complete 10-year follow-up revealed that the level of miR-150 was independently associated with distant relapse-free survival of TNBC. 22 These studies indicate that miR-150 may play an inhibitory role in TNBC.
HMGA2, a member of the high-mobility group protein family, is a chromatin remodeling factor which binds to AT-rich regions in DNA. 23 HMGA2 is highly expressed during embryogenesis yet not in normal adult tissues. 24 HMGA2 is over-expressed in a number of malignant tumors and high expression of HMGA2 is correlated with tumor staging and malignant phenotype. [25] [26] [27] [28] Studies have shown that HMGA2 is involved in the regulation of tumorigenesis, growth, epithelialmesenchymal transition, and metastasis of breast cancer. [29] [30] [31] [32] In the present study, we found that miR-150 is less expressed in TNBC and negatively correlated with lymphnode metastasis. It inhibits TNBC metastasis through downregulating the oncogene HMGA2.
Patients and methods human tissues and cell lines
In total, 10 pairs of TNBC tissues and adjacent normal breast tissues, and another 30 TNBC samples were collected at Both human TNBC cell lines (MDA-MB-231 and Hs578T) and non-TNBC cell lines (BT-474 and MCF-7) were purchased from the Chinese Academy of Sciences (Shanghai, China). Both of them were maintained in DMEM supplemented with 10% fetal bovine serum (FBS) at 37°C and 5% CO 2 .
Quantitative real-time reverse transcription polymerase chain reaction (qrT-Pcr)
Total RNA was extracted using the RNeasy Mini Kit (Qiagen, Hilden, Germany). Complementary DNA was synthesized using the PrimeScript RT-PCR Kit (TaKaRa, Tokyo, Japan). qRT-PCR was performed using SYBR ® Premix Ex Taq™ (Takara) on an ABI 7500 system (Applied Biosystems, Carlsbad, CA, USA). Bulge-Loop miRNA primers were ordered from RiboBio (Guangzhou, China). U6 and GAPDH were used as the internal control for miRNA and mRNA detection, respectively. The sequence of primers for mRNA detection is displayed in Table S1 .
ish and immunohistochemistry
ISH was used to detect miR-150 expression in TNBC samples. An oligonucleotide probe complementary to miR-150 was digoxigenin labeled at the 5′-terminal end, and detected using an ISH detection kit (Boster, Wuhan, China) according to the manufacturer's instructions. miR-150 staining was scored according to staining intensity and proportion. The intensity score was record as 0 (negative), 1 (weakly positive), 2 (moderately positive), or 3 (strongly positive). The proportion score used was 0 (0%), 1 (.0 to #25%), 2 (.25% to #50%), 3 (.50% to #75%), or 4 (.75%). The final score was calculated as proportion score × intensity score.
Immunohistochemistry was performed to investigate HMGA2 expression in TNBC samples. The staining score was evaluated using the same method described in ISH. miR-150 and HMGA2 staining were scored blindly by two pathologists. The lentivirus over-expression human miR-150 and negative control were purchased from GeneChem (Shanghai, China). The primer sequence for miR-150 was: forward 5′-GAGGATCCC CGGGTACCGGTCTGGCAGGAACCCCCGCCCT-3′ and reverse 5′-CACACATTCCACAGGCTAGTAAAAGCCGCA GCAGAGATG-3′. For infection, the virus was supplemented with 8 µg/mL of polybrene (Sigma, St Louis, MO, USA). After infection for 72 h, 2 µg/mL puromycin (Sigma) was added to the cells, which underwent selection for 1 week.
Wound healing assay
After miRNA transfection for 24 h, MDA-MB-231 and Hs578T cells were harvested and reseeded into 96-well culture plates at the concentration of 3 × 10 4 /well and 2 × 10 4 /well, respectively. After 16 h incubation, when cells had reached more than 90% convergence, the wound was performed using a 96-pin wounding replicator (V&P Scientific, San Diego, CA, USA), washed twice in sterile PBS, replaced with serum-free medium, and maintained in an incubator. Cells were photographed after 0, 8, and 24 h, and the width of the wound was recorded as the wound distance. The wound healing distance was calculated by subtracting the value of the wound distance at 0 h from the value at 8 h or 24 h after scratching.
Transwell assay
The cell migration ability was analyzed by a transwell assay, which was performed in 24-well transwell chambers (Corning, NY, USA). After 24 h transfection, MDA-MB-231 cells (5 × 10 4 ) and Hs578T cells (3 × 10 4 ) in 200 µL serumfree medium were reseeded into the upper chamber. The lower chamber was filled with 600 µL medium with 10% FBS. After incubating for 12 h, cells on the inner membrane were removed. The outer membrane was fixed with 4% paraformaldehyde and stained with 0.1% crystal violet solution. The cells were observed under a microscope and five fields were randomly selected to be photographed.
in vivo models
Four-week-old male Nu/Nu mice (SLAC, Shanghai, China) were kept under specific pathogen-free conditions. First, 100 µL MDA-MB-231 cells (2 × 10 7 /mL) over-expressing miR-150 or miR-ctrl were slowly injected into the tail vein of mice (five mice in each group). At both 6 and 8 weeks, mice were anesthetized, and luciferase activity was evaluated under a small animal live imaging system (PerkinElmer, Waltham, MA, USA). After 8 weeks, mice were killed, and the number of metastatic nodules in the lung of each mouse was calculated. This study was approved by the Animal Ethics Committee of Zhongshan hospital and complied with the Guide for the Care and Use of Laboratory Animals.
mrna microarray analysis
Total RNAs from MDA-MB-231 cells transfected with miR-150 or miR-ctrl were reverse transcribed into cDNA, labeled with biotin using the GeneChip 3′IVT Express Kit (Affymetrix, Santa Clara, CA, USA), and then hybridized to a PrimeView Human Gene Expression Array (Applied Biosystems, Carlsbad, CA, USA). After hybridization, the array was washed and stained using Affymetrix GeneChip Wash and Stain Kit on a GeneChip Fluidics Station 450. Finally, the array was scanned through a GeneChip Scanner 3000.
Western blotting
Whole protein extracts were lysed and run on a 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and transferred to a polyvinylidene fluoride membrane (BioRad, Hercules, CA, USA). After blocking, the membranes were incubated with the following primary antibodies: anti-HMGA2 (1:1,000), anti-LCN2 (1:1,000), and anti-GAPDH (1:1,000) (Cell Signaling Technology, Danvers, MA, USA), and anti-MSI2 (1:1,000), anti-LOXL2 (1:1,000), and anti-PBX1 (1:1,000) (GeneTex, Irvine, CA, USA). After washing with Tris-buffered saline containing Tween-20 (TBST) and incubation with secondary antibodies, signals were developed using an enhanced chemiluminescence kit (Pierce, Waltham, MA, USA).
Vector construction
HMGA2 cDNA was amplified from the total cDNA of Hs578T cells and cloned into the pcDNA3.1(+) vector.
The 3′ untranslated region (UTR) of HMGA2 was amplified from human genomic DNA and cloned into the pGL3 vector (Promega, Madison, WI, USA). Mutation of the miR-150 target site in the 3′UTR of HMGA2 was performed using a site-directed mutagenesis kit (Takara). The primer sequences for pcDNA3.1-HMGA2, HMGA2 3′UTR, wild-type (WT), and mutant (Mut) plasmids are listed in Table S2 . 
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Tang et al After 24 h transfection, the luciferase activities of firefly and Renilla were measured by a dual-luciferase reporter assay system (Promega, Madison, WI, USA).
statistical analysis
Data are expressed as mean ± SD. Statistical differences between groups were calculated using the Student's t-test. The statistical correlation between miR-150 and HMGA2 expression was determined by the Pearson χ 2 -test. 
Results
miR-150 is frequently down-regulated in TnBc
2324
Tang et al
miR-150 suppresses cell metastasis in vivo
Two stable cell lines, MDA-MB-231/miR-150 and MDA-MB-231/miR-ctrl, were established using lentivirus. These two stable cell lines were injected into the tail vein of mice (five mice in each group), and the ability of cancer metastasis was judged by analyzing the luciferase signal of lung metastasis 6 and 8 weeks after cell injection. In both cases, the luciferase intensity is significantly lower in miR-150 group, suggesting that it inhibits metastasis of TNBC in vivo ( Figure 3A and B). The pictures of the whole lung and the results of H&E staining show that fewer metastatic nodules are formed in the lung from the miR-150 group ( Figure 3C-E) , further supporting the conclusion that miR-150 suppressed lung metastasis of MDA-MB-231 cells.
hMga2 is a direct target of miR-150
miRNAs function via base-pairing with complementary sequences within mRNA molecules and down-regulating the mRNA level. To identify potential mRNA targeted by miR-150, mRNA microarray was used to profile the total mRNA level of control or miR-150 over-expressing MDA-MB-231 cells. Compared with the control group, 318 mRNAs were down-regulated with a fold-change of more than 1.5, which are the potential targets of miR-150. The list was further narrowed down to 19 mRNAs by sequence-dependent prediction using both TargetScan and miRWalk2.0 software (Table S3) . Among these mRNAs, the 10 most down-regulated ones were further analyzed by qRT-PCR, and the result shows that only five out of 10 mRNAs are downregulated by miR-150 (lcn2, msi2, loxl2, hmga2, and pbx1) ( Figure 4A ), whereas the other five mRNAs are unaffected (data not shown). To further shorten the list, Western blotting was performed to analyze the protein level of these five genes. Only the protein level of HMGA2 was down-regulated in both cell lines, suggesting that this gene is the most likely target of miR-150 ( Figure 4B ). Down-regulation of MSI2 and PBX1 was only observed in MDA-MB-231 cells, indicating that the regulation of these two genes has cell-line specificity.
No difference was observed in LCN2 and LOXL2 protein level ( Figure 4B ). Consistent with the idea that HMGA2 is a direct target of miR-150, miR-150 significantly reduced the luciferase activity of the WT reporter construct but had no effect on the mutant reporter construct, in which the sequence complementing miR-150 was mutated ( Figure 4C ). In addition, IHC staining of HMGA2 in the same 30 TNBC tumor samples demonstrated that HMGA2 was highly expressed in TNBC patients with lymph-node metastasis ( Figure 4D and E), and the result of the Pearson χ 2 -test shows that HMGA2 and miR-150 expression were negatively correlated in TNBC ( Figure 4F ). Altogether, these data indicate that Figure 5B ). This observation was further confirmed by transwell assay ( Figure 5C ). Together, these data indicate that miR-50 suppresses cell migration by down-regulating HMGA2.
Discussion
Although aberrant expression of miRNAs, including miR-21, mir-26, miR-148a, miR-206, miR-200b, miR-455-3p, and miR-655, has been reported in TNBC metastasis, [33] [34] [35] [36] [37] [38] [39] novel miRNAs involved in the regulation of TNBC metastasis still remain to be explored. In the present study, miR-150 was found to be less expressed in TNBC tissues compared to the corresponding adjacent normal breast tissues, and decreased miR-150 level is correlated with increased lymph-node metastasis. miR-150 over-expression suppressed TNBC cells migration in vitro and lung metastasis in vivo. Moreover, HMGA2 was identified as a novel target of miR-150, submit your manuscript | www.dovepress.com
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Although miR-150 is aberrantly down-regulated in most hematopoietic malignancies and solid tumors, 10, 14, 15 the underlying mechanism remained largely unknown. Jiang and colleagues found that MLL-fusion proteins transactivated miR-150 through directly binding to the promoter region, but inhibited the maturation process of miR-150 through the MYC/LIN28 axis. 11 It was also reported that the transcription of miR-150 was directly activated by the WNT/β-catenin pathway in colorectal cancer, 40 but the expression of miR-150 was reduced compared with paired non-cancerous tissue. 16 Since MYC was a direct target of the WNT pathway, the MYC/LIN28 axis may also play an import role in the downregulation of miR-150 in colorectal cancer. In the present study, miR-150 was found to be less expressed in TNBC and negatively associated with lymph-node metastasis. The underlying mechanism may also be linked to MYC/LIN28, since an aberrant Wnt pathway was identified as participating in TNBC tumorigenesis and metastasis. [41] [42] [43] Some studies have reported an inhibitory role of miR-150 in most solid tumors. Low expression of miR-150 was associated with a poor prognosis in patients with esophageal squamous cell carcinoma, epithelial ovarian cancer, and colorectal cancer, and over-expression of miR-150 inhibited epithelial mesenchymal transition through down-regulating ZEB-1 and GLI1. 16, [44] [45] [46] A similar role of miR-150 was also identified in liver cancer and non-small-cell lung cancer. 47, 48 In the present study, miR-150 was found to inhibit TNBC cell migration in vitro and metastasis in vivo, implying that miR-150 also played an inhibitory in TNBC. This result is consistent with a previous study showing that high miR-150 expression was associated with better distant relapse-free survival of TNBC patients. 22 Therefore, miR-150 serves as a potential treatment target for various kinds of cancers.
Previous studies have shown that high expression of HMGA2 is critical for the pathogenesis and progression of a large number of tumors. 26, 29, 49 It was proposed that the regulation of HMGA2 expression was involved in both transcriptional and post-transcriptional regulation in breast cancer. As for transcriptional regulation, it was reported that ZBRK1, BRCA1, and CtIP form a complex that coordinately inhibits HMGA2 expression via binding to HMGA2 promoter. 29 This regulation may also serve as a mechanism for BRCA1 deficiency-induced breast tumorigenesis.
In addition, altered HMGA2 protein level in tumors is not always correlated with an increased amount of corresponding mRNA, which indicates a post-transcriptional regulation mediated by regulatory elements within the 3′UTR. 50 A good example is Let-7, a well-known tumor suppressor, which down-regulates HMGA2 via a post-transcriptional mechanism.
51 miR-33b, miR-185, and miR-211 were also reported to regulate HMGA2 expression in breast cancer by targeting its mRNA.
52-54 Here, we showed that miR-150 directly targets HMGA2, which is a novel miRNA-mediated modulation of HMGA2 in TNBC. Besides the above mechanisms, HMGA2 can also be regulated by the WNT pathway in TNBC. F 5′-accTcaccagaTagccTTagag-3′ r 5′-agcgTTTcgTagTgggaTcTc-3′ LOXL2 F 5′-gggTggaggTgTacTaTgaTgg-3′ r 5′-cTTgccgTaggaggagcTg-3′ HMGA2 F 5′-acccaggggaagacccaaa-3′ r 5′-ccTcTTggccgTTTTTcTcca-3′ PBX1 F 5′-caTgcTgTTagcggaaggc-3′ r 5′-cTccacTgagTTgTcTgaacc-3′ ARRB2 F 5′-TccaTgcTccgTcacacTg-3′ r 5′-acagaaggcTcgaaTcTcaaag-3′ ABCB5 F 5′-aTTggagTggTTagTcaagagcc-3′ r 5′-agTcacaTcaTcTcgTccaTacT-3′ PTP4A1 F 5′-ggcgTggagcTTTTaacagc-3′ r 5′-gccgcaTTTaggacgaTacTT-3′ WNT7B F 5′-cacagaaacTTTcgcaagTgg-3′ r 5′-gTacTggcacTcgTTgaTgc-3′ TFAP2C F 5′-cTgTTgcTgcacgaTcagaca-3′ r 5′-cTcagTggggTTcaTTacggc-3′ GAPDH F 5′-ggagcgagaTcccTccaaaaT-3′ r 5′-ggcTgTTgTcaTacTTcTcaTgg-3′ 
55,56
Conclusion
